OBSTRUCTION of a stenotic pulmonary valve by the exploring cardiac catheter, a serious and not infrequent complication of cardiac catheterization, has received little attention in the literature. [1] [2] [3] [4] Experiences in this laboratory indicate that pulmonary valve obstruction can occur both in a manifest, symptomatic form and in a concealed, asymptomatic form in patients with severe pulmonary stenosis. As catheterization studies are extended more generally to the infant age group and performed more often without anesthesia, the high incidence reported in this study may be more generally observed.
The purpose of this communication is to present clinical and physiologic observations during pulmonary valve obstruction and to derive from these a concept of the precarious hemodynamic status that exists in severe congenital pulmonary valvular stenosis.
MATERIAL AND METHODS
The data presented are derived from an analysis of 334 consecutive catheterization studies performed during an 18-month period in the Cardiopulmonary Laboratory of the Children's Medical Center, Boston. Pulmonary valve stenosis with intact ventricular septum was considered to be present on the basis of clinical and catheterization findings in 31 of these 334 patients. The structing blood flow through the pulmonary valve. Acute symptoms were experienced by 6 of these 8 patients when the cardiac catheter entered the stenotic pulmonary valve orifice.
Sudden restlessness was uniformly the earliest indication that the pulmonary orifice was obstructed and pulmonary blood flow reduced. Restlessness was rapidly followed by crying in infants and apprehension in older children. Increasing cyanosis was usually detected and bradyeardia or tachycardia was often recorded. Finally, some neurologic reaction was frequently manifested, ranging from evanescent focal myotonic contractions in a single extremity to one instance of unilateral paresis of several days' duration. These reactions were observed between 4 and 13 minutes after the catheter had entered the pulmonary artery.
The acute, extreme cardiovascular deterioration that can occur is illustrated in figure  1 . The first section of the tracing (left), obtained immediately before the catheter was advanced from the right ventricle into the pulmonary artery, shows normal cardiac rhythm, normal systemic blood pressure, and abnormally elevated right ventricular pressure. Approximately 4 minutes after the catheter had passed into the pulmonary artery the infant suddenly became restless and the previous mild cyanosis was observed to be intense. The catheter was immediately withdrawn to the right ventricle and the second section of the tracing (right) was recorded. The arrhythmia, bradyeardia, and systemic hypotension persisted for several minutes and then the previous compensated hemodynamic status rapidly returned. This was the only instance of severe cardiac arrhythmia and cardiovascular deterioration that was observed.
Several hemodynamic changes were noted concurrent with pulmonary valve obstruction. The 31 patients with pulmonary valvular stenosis may be divided into 2 groups on the basis of the change in the oxygen saturation of the mixed venous blood before and after the cardiac catheter has entered the pulmonary orifice in each patient ( fig. 2 ). It may be seen that no significant change in mixed venous blood oxygen saturation occurred in
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-15. those patients with normal arterial saturation at rest (open circle). In marked contrast, a striking decrease in mixed venous blood oxygen saturation occurred after the catheter was manipulated into the pulmonary artery in 8 of the 9 patients with resting arterial unsaturation (solid circle) due to an interatrial right-to-left shunt.
Similar observations were made on the systemic arterial oxygen saturation. The 22 patients with normal resting arterial saturation showed no change, but the 9 patients with arterial unsaturation had significant decreases in arterial oxygen saturation in response to acute obstruction of the stenotic pulmonary orifice. The extreme load in the presence of severe pulmonary stenosis, is unable to increase significantly the mean systolic ejection pressure and thus fails to maintain the pre-obstruction pulmonary valve blood flow. The right-to-left shunt already present at the atrial level now increases and results in a marked fall in arterial oxygen saturation, increased cyanosis, and perhaps a central nervous system response to the anoxia. In this manner, the central nervous system reactions observed may be similar to the familiar cyanotic spells observed in patients with tetralogy of Fallot.
The analysis presented has been restricted to pulmonary stenosis with intact ventricular septum. A similar reaction in pulmonary valve obstruction might be anticipated in other congenital heart lesions if a critical pulmonary valve or infundibular stenosis and a proximal right-to-left shunt were present.
Indeed, an episode of obstruction was observed in our laboratory in a 5-year-old patient with tetralogy of Fallot.
The inability of the right ventricle further to meet the demands caused by the catheter obstruction of the pulmonary valve can be analyzed in terms of the pressure gradients required to maintain an adequate blood flow through various valve areas. The vertical axis in figure 6 represents the mean systolic ejection pressure gradient, AP (expressed in mm. Hg), necessary to force a given stroke volume of blood through a given stenotic valve orifice.
Application of the Gorlin hydraulic formula" indicates that an increase in right ventricular pressure must occur in order to maintain the same stroke volume after the pulmonary orifice has been narrowed by the exploring cardiac catheter. The 
